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Spurious Hypocalcemia After
Gadodiamide-Enhanced Magnetic
Resonance Imaging: A Case Report
and Review of the Literature
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Gadolinium-enhanced magnetic resonance imaging is a diagnostic modality
widely used in urologic practice. We report on a 54-year-old woman in
whom a critically low serum calcium level was measured with standard
colorimetric assay after gadodiamide-enhanced magnetic resonance imaging.
The same phenomenon was noted in 2 other patients seen in our practice.
Repeat serum calcium measurements performed several hours later were
within normal limits. Commercially available gadolinium-based contrast
agents might precipitate critically low serum calcium values when measured
by standard colorimetric assay. Physician awareness of gadodiamide-induced
spurious hypocalcemia might prevent unnecessary therapeutic interventions.
[Rev Urol. 2006;8(3):165-168]
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practice for diagnosis of various disease entities. The adjunct use of

gadolinium provides specific information regarding tissue enhancement
and blood flow, with fewer nephrotoxic effects when compared with conventional
contrast material.' As a free metal, gadolinium is toxic, but the addition of
chelates has facilitated its safe use.”? When administered intravenously, gadolin-
ium chelates are safely excreted, are not associated with nephrotoxicity, and show
an extremely low incidence of allergic reactions.*® Chelates currently in use are
gadopentetate dimeglumine (Magnevist®; Berlex, Wayne, NJ), gadoteridol

M agnetic resonance imaging (MRI) has gained widespread use in urologic
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(ProHance®; Bracco-Byk Gulden,
Konstanz, Germany), gadodiamide
(Omniscan®; GE Healthcare, Chalfont
St. Giles, United Kingdom), and
gadoversetamide (OptiMARK®; Tyco
Healthcare, Mansfield, MA).* Interfer-
ence of 2 of these agents, gadodi-
amide and gadoversetamide, with lab-
oratory assays for serum calcium
measurements has been reported in

The following week, a 34-year-old
man with a baseline creatinine level of
1.3 mg/dL had a serum calcium mea-
surement of 3.7 mg/dL 1 hour after
gadodiamide-enhanced MRI of the ab-
domen and pelvis for surveillance of
renal cell carcinoma after radical
nephrectomy. A 63-year-old man with
normal renal function was found
to have a serum calcium level of

The patient was called back urgently the following morning when laboratory
results revealed a serum calcium level of 2.6 mg/dL (reference range,

8.0-10.6 mg/dL).

the literature. We report spurious
hypocalcemia in 3 patients measured
by automatic colorimetric testing
after gadodiamide-enhanced MRI.

Patients

An asymptomatic 54-year-old woman
was seen in our outpatient urology
clinic for surveillance of a hemor-
rhagic renal cyst. Shortly thereafter,
she underwent gadodiamide-
enhanced (0.1 mmol/kg, intravenous
injection) MRI of the abdomen and
pelvis, followed immediately by phle-
botomy for a metabolic panel. The
patient was called back urgently the
following morning when laboratory
results revealed a serum calcium level
of 2.6 mg/dL (reference range,
8.0-10.6 mg/dL), as measured by the
colorimetric method using ortho-
cresolphthalein (Roche Diagnostics,
Indianapolis, IN).

The patient had chronic renal insuf-
ficiency, with a stable serum creati-
nine level of 1.4 mg/dL, and creatinine
clearance of 55 mL/min. She also had
a history of medullary sponge kidney
and small bilateral renal calculi. There
was no previous history of hypocal-
cemia. A repeat serum calcium mea-
surement (18 hours after gadolinium
administration) using the same proto-
col showed a level of 7.1 mg/dL.
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4.7 mg/dL 1 hour after gadodiamide-
enhanced MRI of the abdomen and
pelvis performed as surveillance for
renal cell carcinoma after partial
nephrectomy. Neither patient had a
history of hypocalcemia. Both were
called urgently for repeat laboratory
testing, and in both cases repeat cal-
cium levels were normal according to
colorimetric assay approximately 18
hours after gadolinium administration.

Roissy, France), and gadoteridol—
have not been shown to cause this
interference.>®

An earlier report in the literature
by Normann and colleagues’ docu-
mented the interference of gadodi-
amide with colorimetric determina-
tions of serum calcium in a
dose-dependent manner. Lin and col-
leagues® confirmed these findings and
reported that the same interference
was not seen with intravenous ad-
ministration of gadopentetate dimeg-
lumine. Later, Prince and associates®
evaluated the prevalence of spurious
hypocalcemia after gadodiamide-
enhanced MRI by evaluating patients
with available serum calcium levels
before and immediately after gadodi-
amide-enhanced MRI. Correlations
were determined with gadodiamide
dose, renal function, and time be-
tween gadodiamide administration
and phlebotomy. After 42 gadodi-
amide-enhanced examinations, serum
calcium measurements spuriously de-
creased in 25 examinations. Spurious
reductions in calcium measurements

After 42 gadodiamide-enhanced examinations, serum calcium measure-
ments spuriously decreased in 25 examinations.

After the third occurrence, it be-
came evident that the sample was ob-
tained for serum calcium measure-
ment immediately after imaging.
None of the patients exhibited signs
or symptoms of hypocalcemia.

Comment

In vivo and in vitro studies have doc-
umented the interference with colori-
metric assays of 2 widely used
gadolinium-based contrast agents,
gadodiamide and gadoversetamide,
resulting in spurious hypocalcemia.
Other agents—gadopentetate dimeg-
lumine, gadoterate meglumine
(Dotarem®; Laboratoire Guerbet,
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were greater in patients with renal in-
sufficiency than in those with normal
renal function. In addition, patients
with renal insufficiency had spuri-
ously low calcium measurements up
to 4'» days after gadodiamide admin-
istration. Seven patients were inap-
propriately treated, and no patient
had symptoms of hypocalcemia. The
investigators concluded that gadodi-
amide-related hypocalcemia is more
prevalent in patients who receive a
dose of at least 0.2 mmol/kg (more
commonly used with MR angiogra-
phy) and in patients with renal insuf-
ficiency. A larger follow-up study by
the same group confirmed these
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findings.® Finally, Williams and col-
leagues® reported a critically low cal-
cium level as measured by standard
colorimetric assay after intravenous
administration of gadodiamide. A di-
agnosis of spurious hypocalcemia was
made after immediate reanalysis of
the same specimen using absorption
spectroscopy.

In patients with normal renal func-
tion, a standard dose of gadodiamide
(0.1 mmol/kg) has little effect on col-
orimetric calcium measurements,
owing to its rapid excretion by the
kidney.” The elimination half-life of
gadodiamide, however, is prolonged
in patients with pre-existing renal in-
sufficiency and might result in dura-
tions of interference in the assay of
more than 24 hours. In addition,
doses of gadodiamide used in MR
angiography are typically greater
(> 0.2 mmol/kg) than in standard
MRI. A larger intravenous load in this
circumstance, coupled with a patient
population predisposed to atheroscle-
rotic disease and/or renal insuffi-
ciency, is likely to amplify interfer-
ence with calcium determinations for
longer periods.?

Severe hypocalcemia is associated
with  neuromuscular irritability,
tetany, laryngospasm, prolongation
of the QT interval, arrhythmias,
coma, and even death. Initial resusci-
tation for symptomatic patients con-

sists of intravenous calcium adminis-
tration. The mechanism of gadolin-
ium-related spurious hypocalcemia is
based on interference with the colori-
metric assay caused by the chelate.
In the arsenazo III dye and ortho-
cresolphthalein colorimetric assays,
standard to most laboratories in the
United States, a colorimetric reagent
that binds to calcium is added to the
serum specimen. The result is a color
change of the sample, which is then
measured  photometrically.  The
reagent, however, also binds to cer-
tain gadolinium-based agents and
removes gadolinium from the gado-
diamide chelate. The free chelate is
then available to bind to serum cal-
cium, causing a spuriously low re-
sult.*®'° Because this reaction occurs
exclusively in the laboratory sample,
the patient’s actual serum calcium
level is not affected. Ionized, or free,
calcium levels are not routinely mea-
sured unless specifically ordered by
the requesting physician.

This interference of gadolinium-
based contrast agents with serum cal-
cium determinations is not widely
known among practitioners and is not
widely reported in the urologic litera-
ture. There are several implications
for a delay in recognizing this phe-
nomenon, including unnecessary re-
suscitative measures and treatment of
a false laboratory value. Spurious re-

sults also lead to additional patient
examinations and a possible delay in
the diagnosis and management of un-
derlying hypercalcemia.® Economic
repercussions, including additional
costs of laboratory handling of criti-
cal values, as well as the potential for
liability for unnecessary treatment of
a spurious value, must also be consid-
ered. When a critically low serum cal-
cium level is encountered in practice,
re-evaluation of the same sample
with absorption spectroscopy or im-
mediate examination of the patient
for signs of true hypocalcemia have
been suggested.®

Conclusion

Two gadolinium-based contrast
agents commonly used in MRI, gado-
diamide and gadoversetamide, might
interfere with the colorimetric deter-
mination of serum calcium levels.
The resulting spurious hypocalcemia
might result in unnecessary resuscita-
tion maneuvers. Patients with pre-
existing renal insufficiency or those re-
ceiving higher doses of these contrast
agents are at an especially high risk
of spurious hypocalcemia. Two other
gadolinium-based contrast agents,
gadoteridol and gadopentetate dimeg-
lumine, have not been to shown to in-
terfere with serum calcium measure-
ments. Recognition of the potential
for spurious calcium measurements

Main Points

e Two gadolinium-based contrast agents commonly used in magnetic resonance imaging, gadodiamide and gadoversetamide, might
interfere with the colorimetric determination of serum calcium levels, and the resulting spurious hypocalcemia might result in un-

necessary resuscitation maneuvers.

e Patients with pre-existing renal insufficiency or those receiving higher doses of these contrast agents are at an especially high risk

of spurious hypocalcemia.

e Two other gadolinium-based contrast agents, gadoteridol and gadopentetate dimeglumine, have not been shown to interfere with

serum calcium measurements.

e Spurious values can be confirmed by repeat laboratory processing of a separate specimen, absorption spectroscopy examination
of the same specimen, and examination of the patient for signs or symptoms of true hypocalcemia.
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is necessary to prevent serious
consequences of unnecessary treat-
ment of spurious hypocalcemia. Spu-
rious values can be confirmed by
repeat laboratory processing of a sep-
arate specimen, absorption spec-
troscopy examination of the same
specimen, and examination of the pa-
tient for signs or symptoms of true
hypocalcemia. Clinicians should,
therefore, be familiar with the partic-
ular gadolinium-based contrast agent
used at their institution, as well as the
laboratory assay used. [ |
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